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The  Analysis of Beta-Naphthylamine' 
By Henry R. Lee and D. 0. Jones 
RESEARCH LABORATORY, THE NEWPORT Co., MILWAUKEE, WISCONSIN 
Thir paper describes the analysis of @-naphthylamine, and in- 
cludes methods by which pure p-naphthylamine and its common 
impurities. namely, &naphthol, p,&dinaphthylamine, and a- 
naphthylamine, were prepared, and some of their physical properties 
determined. 
Methods for the determination of p-naphthglamine in the presence 
of these impurities are presented, together with tables showing the 
results obtained on a large number of technical and specially pre- 
pared laboratory samples. Special modifications of the Kjeldahl- 
Gunning Method haoe been deueloped which gioe theoretical results 
when applied to @-naphthylamine. 
Specifications for  technical @-naphthylamine are suggested. 
Melting-point curues are presentedfor the systems p-naphthylamine- 
p-naphthol; @-naphthylamine-p,p-dinaphthylamine; and p-riaph- 
thy lamine-a-naphthylamine. 
HE INCREASED use of @-naphthylamine in the 
manufacture of J-acid (2-amino-5-naphthol 7-sulfonic T acid) and ?-acid (2-aniino-8-naphthol-6-sulfonic acid) 
has emphasized the necessity for an accurate analytical 
method for its quantitative estimation in the presence of the 
more common impurities, namely, @-naphthol, @,@-dinaph- 
thylamine and &-naphthylamine. 
PRELIMINARY TREATMENT 
amine analyzing 98 per cent was dissolved in water as the hydro- 
chloride, and the sulfate of the amine precipitated by the addi- 
tion of sodium sulfate. The sulfate was filtered, placed in a 
separatory funnel, hTaOH solution added, and the base ex- 
tracted, as formed, with benzene. The base was precipitated 
from benzene as the hydrochloride with dry HC1 gas, filtered, 
and the base prepared as before. The benzene solution was 
filtered, most of the solvent removed by direct distillation and 
the final traces by steam distillation. Distillation with steam 
was continued until approximately 50 per cent of the naphthyl- 
amine charged had been recovered. This was filtered, dried 
to constant weight over calcium chloride in vacuum, and ground 
to 80 mesh. The product was pure white in color, and odorless. 
PURIFICATION OF @-NAPHTHYLAMINE-TeChiIiCd @-naphthyl- 
Melting point* (corrected) 110.10to110.20C.  
Crystallizing point (corrected) 109.66O C. 
Per cent nitrogen Theory: 9.787; Found: 9.78, 9.75 
(See Laboratory Sample 4, Table I.) 
A second sample of &naphthylamine was purified by repeated 
recrystallization from benzene. The same melting and crys- 
tallizing points were obtained as on the first sample. Lieber- 
mann and Jacobson8 give 11 1 O to 112 ' C. or 112 O to 113 O C. as 
the correct melting point of @-naphthylamine. This point, 
frequently quoted in reference works, is undoubtedly too high. 
Merz and Weith4 using zinc chloride ammonia as a condensing 
agent was employed. The crude dinaphthylamine was ex- 
tracted with hot benzene and crystallized out on cooling. After 
six recrystallizations from benzene the product came out as 
silvery leaflets having a slight yellow color and a decided fluor- 
escence in benzene solution. 
PREPARATION O F  p,&DINAPHTHYLAMINE-The method of 
THEORY FOUND 
Per cent nitrogen 5 . 2 0  5.18 
1 Presented before the Division of Dye Chemistry a t  the 63rd Meeting 
of the American Chemical Society, Birmingham, Ala., April 3 to 7, 1922. 
* All melting points and crystallizing points recorded in this paper were 
taken with thermometers graduated in tenths of a degree and standardized 
by the U. S. Bureau of Standards. 
a Ann. ,  211 (1882), 41. 
4 Bcr., 14 (1881), 2343. 
Liebermann and Jacobson3 give 170' C. and Palm6 records 
170.5' C. as the correct melting point of P,P-dinaphthylamine. 
The melting point of the product from the 5th and 6th crys- 
tallizations was 172.2" C. (cor.). 
PURIFICATION OF o(-NAPHTHYLAMINE-Refined a-naphthyl- 
amine having a melting point of 46.5" C. and crystallizing 
point 45.65' C. (Dewar bulb) was recrystallized nine times 
from benzene. The crystals from the 7th, Sth, and 9th crystalli- 
zations, as well as the crystals obtained by evaporation of the 
mother liquors from the 8th and 9th crystallizations, all showed 
a melting point of 49.2' to 49.3" C. (cor.). The crystallizing 
point of this product, taken in a Dewar bulb, was 48.5' C. (cor.). 
THEORY FOUND 
Per cent nitrogen 9.787 9.7fl 
9.77 
The melting point recorded by Zinin,G of 50" C., appears to 
be somewhat too high. 
PURIFICATION OF P-NAPHTHOL-The @-naphthol used for the 
melting-point curve was a technical product which was twice 
recrystallized from water, had a melting point of 121.2' to 
121.3" C. (cor.), and crystallized a t  120.8" C. (cor.). Three 
samples of resublimed @naphthol from different sources had the 
same melting and crystallizing points as mentioned above. 
Liebermann and Palm' prepared @-naphthol from p-naphthyl- 
amine through the diazo reaction and obtained a melting point 
of 122" C. A repetition of their work gave a product with a 
corrected melting point of 120.65' C. 
DIRECT NITRITE TITRATION METHOD 
The results given in Table I, Method 1, were obtained 
using the same procedure as in Method 4, except that no 
separation of @-naphthol was made. A comparison of these 
results with those of Methods 2,3,  and 4 shows high analyses 
in proportion to the amount of @-naphthol present as an 
impurity. It is evident that this should be the case since, 
under the conditions of the analysis, nitroso-,%naphthol will 
also be formed. The direct titration of @-naphthylamine 
with 0.1 N sodium nitrite a t  20" C. gives results higher than 
theory, even in the absence of @-naphthol, due apparently to 
the oxidation of diazo @-naphthylamine. Titration of 
technical samples with 0.5 N nitrite a t  0" to 5" C. also yields 
results above theory, but which approach the true value 
more closely since oxidation is considerably checked at this 
temperature. In spite of these errors, many commercial 
laboratories and even manufacturers of @-naphthylamine 
still use this method with some slight modifications. The 
results obtained by this method are presented for compara- 
tive purposes in Table I, Method 1. 
The attempt to devise a more accurate method of analysis 
resulted in the development of three methods, all applicable 
to technical materials, and each having certain advantages. 
The sulfonation method has the advantage of rapidity and 
simplicity, and is recommended where only the amine content 
is desired. 
DETERMINATION OF @-NAPHTHYLAMINE 
SULFONATION METnoD-weigh 0.65 g. of the sample into 
a 50-cc. beaker, and add 20 cc. of 25 per cent oleum which 
has been previously cooled to 0" to 5' C. Stir with a glass rod 
and set the beaker in an ice bath. Stir occasionally and if 
necessary allow the sulfonation to come to room tempera- 
6 Ber., 16 (1882), 614. 
4 J .  fwakt.  Chem., 27 (1883), 140. 
7 Ann..  183 (1876), 268. 
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ture to effect-solution. Pour and wash the sulfonation into 
a 600-cc. beaker half filled with clean ice. Place the beaker 
on a tripod and bring to the boiling point. Boil gently for 
15 min. to remove"su1fur dioxide, and cool to 20" C. Bring 
the volume to 200 cc., add 15 cc. of concentrated hydro- 
chloric acid, and titrate with 0.1 N sodium nitrite, using 
starch iodide as indicator. The titration proceeds rapidly 
tb within a few tenths cc. of the end-point. 
The end-point in the titration is reached if a distinct blue 
color develops 5 min. after the last addition of nitrite, when 
the solution is spotted against starch iodide solution on a 
spot plate. 
1 cc. of 0.1 N nitrite = 2.202 per cent 0-naphthylamine 
0.5 N sodium nitrite and a 3.5-g. sample can also be used, 
but in this case the temperature should be lowered to 0" to 
5"  C. to avoid oxidation by the higher concentration of 
nitrous acid. 
Sulfonation at  low temperature results in the sulfonation 
of 0-naphthol to 0-naphthol-1-sulfonic acid, which. does not 
absorb nitrite. The following results obtained with mixtures 
of 6-naphthylamine and /3-naphthol offer proof of this point: 
MIXTURE PER CBNT @-NAPHTHYLAMINE FOUND THEORY 
I 82.47 82 .46  
I1 81.47 81.75 
Results of the analysis of seven technical and four lab- 
oratory samples by this method are presented in Table I, 
Method 2. 
When the 6-naphthylamine content and an accurate 
determination of the /3-naphthol present are desired, the 
benzene separation method should be used. 
BENZENE SEPARATION METHOD 
DETERMINATION OF 6-NAPHTHYLAMINE-Weigh 3.5 g. 
of the sample onto a watch glass, brush into a 500-cc. Erlen- 
meyer flask, add 300 cc. of dry  benzene and dissolve. Insert 
a 2-hole rubber stopper, with calcium chloride drying tube, 
in one hole and in the other a 3/le-in. glass tube reaching 
to the bottom of the flask. Pass in HC1 gas for 1 to 2 hrs., 
occasionally shaking the flask gently to insure thorough mix- 
ing and complete precipitation of the amine. Filter with 
suction through a 10-cm., double-jacketed, glass, hot-water 
funnel, using 2 filter papers and a platinum cone. Wash 
with 100 cc. of dry benzene saturated with HC1 gas, and dry 
at 60" C. in vacuum. The precipitate adheres to the flask 
and necessitates drying the flask also, to obtain a complete 
recovery. Dissolve the hydrochloride in boiling water in a 
600-cc. beaker, not allowing the volume to exceed 200 cc. 
Add 25 cc. of C. P. HCI, cool to 0" C., add a little ice 
to the solution, and titrate with 0.5 N sodium nitrite, as 
described under the sulfonation method. 
1 cc. of 0.5 N sodium nitrite = 2.043 per cent  @-naphthylamine 
DETERMINATION OF ~-NAPHTHoL-Evaporate the benzene 
filtrate to dryness on a steam bath, taking care to prevent 
the sublimation of @-naphthol when approaching dryness. 
Dissolve the P-naphthol with 10 cc. of 20 per cent caustic 
soda solution and dilute to 200 cc., heating, if necessary, to 
secure complete solution. Make slightly acid with HC1, 
add an excess of NaHCOa and couple with 0.05 N diazo 
p-nitrobenzene. 
1 cc. of 0.05 N diazo $-nitrobenzene = 0.205 per cent &naphthol 
Results of the benzene separation are presented in Table 
I, Column 4. 
Owing to the ease with which 0-naphthylamine sublimes, 
together with the fact that  certain naphthylamine mono- 
sulfonic acids are readily hydrolyzed back to the base, special 
A N D  ENGINEERING CHEMISTRY Vol. 14, No. 10 
modifications of the Kjeldahl method were required to give 
quantitative results. Reference is made to the work of 
Green and Vakil8 for explanation of the type of sulfonation 
herein developed. 
MODIFIED KJELDAHL-GUNNING METHOD 
the sample into a 50-cc. dry lipped beaker, add 20 cc. of 25 
per cent oleum which has been previously cooled to 0" to 
5" C. Stir with a glass rod, cover with a watch glass, and 
set the beaker in an ice bath. Stir occasionally, and, if 
necessary, allow the sulfonation to gradually approach room 
temperature to completely dissolve the larger crystals. 
Rinse down the sides of the beaker with 5 cc. of the oleum, 
cover with a watch glass, and let stand a t  room temperature 
(20" to 30" C.) for 15 hrs. 
Transfer the sulfonation to an 800-cc., dry, Pyrex, Kjeldahl 
flask, through a long-stem, 2l/z-in. funnel. Wash the beaker 
with three 5-cc. portions of hot concentrated H2S04, rinsing 
the funnel while transferring. 
Add 1 g. of mercury and place a plug of glass wool I / Z  to 
"4 in. thick midway in the neck of the flask. Wet the plug 
uniformly, using 5 cc. concentrated HzS04. Place the flask 
upon the digestion rack and apply the flame. Heat below 
tthe boiling point for 10 min., then more briskly until, after 
about 2 hrs., a nearly colorless solution is obtained. Wash 
down the neck of flask and glass wool with 5 cc. of hot con- 
centrated H2SOa and continue digestion for 10 min. While 
holding the flask in an inclined position, carefully push the 
glass wool into the flask with a glass rod. Add 8 to  10 g. 
of dry sodium sulfate and continue boiling for 1 to 2 hrs. 
after the solution has become colorless. Cool and dilute with 
300 cc. of distilled water, rinsing down the neck of flask. Add 
1 g. of pure granulated 20- to 30-mesh zinc, 40 cc. of sodium 
sulfide solution (containing 100 g. of crystalline or 50 g. of 
fused sodium sulfide per liter), and shake. Add 160 cc. 
36" BB. caustic soda solution, pouring it carefully down the 
side of the flask, connect immediately with the distillation 
apparatus and shake, (Pyrex-Davisson distilling bulbs 
DETERMINATION O F  TOTAL NITROGEN-weigh 1.5 g. Of 
were used.) 
Distil into 50 cc. of standard 0.25 N HC1 diluted with 
50 cc. water, until 250 cc. have passed over. Titrate the 
remaining acid with standard 0.25 N sodium hydroxide, 
using methyl orange or congo red as indicator. In a 
similar manner make a blank determination on the reagents 
and correct for the amount of ammonia obtained. 
1 cc. of 0.25 N HCl solution = 2.385 per cent &naphthylamine 
DETERMINATION OF ACID-INSOLUBLE MATTER 
Weigh a 5-g. sample, dissolve in 150 cc. of boiling 1.5 per 
cent HCl, filter through a Gooch crucible which has been 
prepared with boiling water, wash with hot water, and 
dry at  100" C. to constant weight. 
0-Naphthol, if present, will pass into the filtrate to the 
extent of a t  least 10 per cent. The insolubles include for 
the most part @,P-dinaphthylamine, being soluble under the 
conditions of the test to only 0.10 to 0.20 per cent. The 
0,p-dinaphthylamine can be isolated from the insoluble 
residue by solvent extraction, and either weighed or analyzed 
for nitrogen. The per cents of insolubles are given in Table 
I, Column 5. 
DETERMINATTON OF MELTING POINT 
The melting points herein recorded for the pure compounds 
studied are a t  variance with those recorded in the literature. 
This is attributed, not so much to the greater purity of the 
compounds used (although great care was used in this work 
6 J .  Chem. Soc., 113 (l918), 35; C. A , ,  12 (1918), 804. 
